BACKGROUND: Away from home (AFH) meals are known to be energy-dense and of poor diet quality. Both direct and indirect exposure (for example, neighborhood restaurant density) to AFH meals have been implicated as contributors to higher body weight and adverse health outcomes. OBJECTIVE: To examine the association of frequency of eating AFH and fast-food meals with biomarkers of chronic disease and dietary intake. DESIGN: This cross-sectional study used frequency of AFH and fast-food meal and biomarker data from the NHANES 2005-2010. Information on weekly frequency of AFH and fast-food meals was collected via questionnaire during the household interview. The metabolic biomarkers examined included body mass index (BMI), serum cholesterol (total, high-density lipoprotein (HDL) and lowdensity lipoprotein (LDL)), triglycerides, glycohemoglobin and fasting glucose (n = 8314, age ⩾ 20, National Health and Nutrition Examination Surveys (NHANES) 2007-2010). Biomarkers of dietary exposure included serum concentrations of vitamins A, D, E, C, B-6, B-12, folate and carotenoids (n = 4162; 2005-2006). Multiple linear and logistic regression methods adjusted for complex survey methodology and covariates. RESULTS: American adults reported a mean of 3.9 (95% confidence interval 3.7, 4.0) AFH and 1.8 (1.6, 1.9) fast-food meals/week. Over 50% of adults reported ⩾ 3 AFH and 435% reported ⩾ 2 fast-food meals/week. The mean BMI of more frequent AFH or fastfood meal reporters was higher (P trend ⩽ 0.0004). Serum concentrations of total, LDL and HDL-cholesterol were related inversely with frequency of AFH meals (P o 0.05). Frequencies of fast-food meals and serum HDL-cholesterol were also related inversely (P = 0.0001). Serum concentrations of all examined micronutrients (except vitamin A and lycopene) declined with increasing frequency of AFH meals (Po 0.05); women and ⩾ 50-year olds were at higher risk. CONCLUSIONS: Reporters of frequent AFH and fast-food meals had higher BMI and lower concentrations of HDL-cholesterol; however, profiles of other biomarkers did not indicate higher metabolic risk. However, the serum concentrations of nutrients with mostly plant foods as sources declined with increasing AFH meal frequency.
INTRODUCTION
The proportion of daily energy contributed by away from home (AFH) foods to American diets increased from 18% in 1977-1978 to 32% in 2005-2008) . 1 AFH foods tend to be higher in energy density, fat and sodium but lower in fruits, vegetables, whole grains and protective nutrients. [2] [3] [4] [5] [6] Not surprisingly, therefore, AFH consumers are reported to have higher energy intake but poor diet quality. [7] [8] [9] [10] [11] These nutritional concerns have also been reflected in reports that have implicated frequent AFH meal consumption as a possible contributor to increasing adiposity of the population. 7, [11] [12] [13] [14] Neighborhood availability of fast-food establishments has also been linked to higher body weight, [15] [16] [17] [18] and higher risk of all-cause mortality, stroke and hospitalizations for acute coronary events. [19] [20] [21] Given the poor nutritional profile of AFH foods and adverse health outcomes associated with AFH exposure, it is reasonable to posit that established metabolic biomarkers of disease as well as nutritional biomarkers may shed light on how AFH exposure mediates poor health outcomes. Surprisingly, few published reports have asked this question, [22] [23] [24] [25] [26] and none that have examined nutritional biomarkers or a nationally representative diverse population. Two of the reports to study metabolic risk biomarkers in relation to eating AFH meals are for young adult participants in the CARDIA study; 22, 23 another examined adolescent and parent pairs and limited AFH meals to dinners; 24 one report each examined take-away foods in Australia 25 and selected fast foods in Iran. 26 In view of these gaps, we examined the cross-sectional associations of frequency of AFH and fast-food meals with objectively assessed metabolic and nutritional biomarkers in a nationally representative sample of US adults.
MATERIALS AND METHODS
We used public domain data from the continuous National Health and Nutrition Examination Surveys (NHANES) 2005-2006, 2007-2008 and 2009-2010 for this cross-sectional study. [27] [28] [29] The study protocol was reviewed by the Queens College Institutional Review Board but was not considered human subjects' research. The continuous NHANES is an ongoing annual survey, fielded by the National Center for Health Statistics (NCHS) of the Centers for Disease Control and Prevention. The NHANES is a multistage, cluster-probability sample of the US population and includes an at home interview and a physical examination conducted in a mobile examination center (MEC). The MEC visit includes a complete medical examination, including anthropometric measurements, an in-person dietary interview and collection of blood and urine samples using standardized procedures. The unweighted response rates for the MEC-examined samples for these surveys were 475%. 30 
Exposure assessment
The frequencies of AFH and fast-food meals were determined from questions asked during the household interview administered by trained interviewers using the Computer-Assisted Personal Interviewing system. [27] [28] [29] For the 2005-2006 survey cycles, the question was: 'On average, how many meals per week do you get that were not prepared at home? Please include meals from both dine-in and carry-out restaurants, restaurants that deliver food to your home, cafeterias, fast-food places, food courts, food stands, meals prepared at a grocery store and meals from vending machines.' For survey cycles 2007-2008 and 2009-2010, the question read: 'During the past 7 days, how many meals did you get that were prepared AFH in places such as restaurants, fast-food places, food stands, grocery stores or from vending machines?' On the basis of distribution of frequency of AFH meals in the analytic sample, AFH meal frequency was categorized as 0, 1-2, 3-5 and ⩾ 6 times per week, for descriptive purposes. The survey cycles 2007-2010 also included one question on fast-food meals: 'how many of the meals you ate AFH did you get from a fast-food or pizza place?', which was categorized as 0, 1, 2-3 and ⩾ 4 times per week. The NHANES 1999-2004 survey cycles included a question on frequency of 'restaurant'-prepared meals only, which was not comparable to questions asked in subsequent surveys; therefore, data from these surveys were not examined for the current study.
Outcomes examined
For combined survey cycles 2007-2008 and 2009-2010, we examined body mass index (BMI) and serum concentrations of metabolic biomarkers: total cholesterol, high-density lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol, triglycerides, glycohemoglobin and fasting glucose. The laboratory assay methods for these biomarkers followed an established protocol as described by the NCHS. [27] [28] [29] Briefly, total cholesterol and triglycerides were assayed using enzymatic reactions on a Roche/Hitachi Modular P Chemistry Analyzer (Indianapolis, IN, USA), and HDL-cholesterol was analyzed via a modification of the traditional multistep precipitation reaction. LDL-cholesterol was computed using the Friedewald calculation. Glycohemoglobin was assayed using the G7 Glycohemoglobin Analyzer (San Francisco, CA, USA) and fasting glucose via a hexokinase-mediated reaction on a Roche/Hitachi Modular P Chemistry Analyzer.
Because of limited nutritional biomarker data in survey years 2007-2010, we used the NHANES 2005-2006 data for serum concentrations of vitamins A, B-6 (as pyridoxal-5′-phosphate), B-12, folate (serum and red blood cell (RBC)), C, D, E, α-carotene, trans-β-carotene, β-cryptoxanthin, lutein+zeaxanthin and lycopene. Assay methodology for various nutritional biomarkers is detailed by the NCHS. 27 Briefly, serum concentrations of vitamins A, E and the carotenoids were assayed using high-performance liquid chromatography (HPLC) with photodiode array detection; vitamin D (as 25-OH-vitamin D) was assayed via a two-step procedure using the Diasorin assay; pyridoxal phosphate (the co-enzyme form of vitamin B-6) was analyzed via reversed-phase HPLC using fluorometric detection; the Bio-Rad (Hercules, CA, USA) Laboratories Quantaphase II radioassay was used for folate/vitamin B-12. Although serum and RBC folate concentrations were measured in the 2007-2010 surveys, the assay methodology differed from that used in 2005-2006. All procedures for phlebotomy, handling of blood samples, analysis of samples, laboratory assay methods and reporting procedures, followed a standardized protocol specified by the NHANES. [27] [28] [29] The metabolic and nutritional biomarkers were operationalized as continuous variables and as dichotomous variables relative to a risk threshold. Risk threshold cutoffs 31 for the metabolic biomarkers were as follows: total cholesterol (⩾200 mg dl − 1 ), HDL-cholesterol ( o40 mg dl − 1 ), LDL-cholesterol-1 (⩾100 and ⩾ 130 mg dl − 1 ), triglycerides (⩾150 mg dl − 1 ), glycohemoglobin (⩾5.7%) and fasting glucose (⩾100 mg dl − 1 ). Risk threshold cutoffs for nutritional biomarkers were the same as those used in prior NCHS publications: 32 serum vitamin A (o20 µg dl − 1 ), vitamin C (o11.4 µmol l − 1 ), vitamin D (o20 ng ml − 1 ), vitamin E ( o500 µg dl − 1 ), PLP (o20 nmol l − 1 ), vitamin B-12 (o200 pg ml − 1 ), serum folate (o2 ng dl − 1 ) and RBC folate (o95 ng dl − 1 ).
Analytic sample for metabolic biomarkers
All nonpregnant, nonlactating respondents aged ⩾ 20 years, who answered the question about frequency of AFH meals in the NHANES 2007-2010, with measured concentration of at least one of the abovementioned metabolic biomarkers, were eligible for inclusion in the study (n = 10 953). From this eligible sample, those who reported using hypocholesterolemic and hypoglycemic medications were excluded (n = 2639), for a final sample of 4070 men and 4244 women.
According to NCHS recommendations, [27] [28] [29] we excluded respondents reporting o 8.5 h of fasting before phlebotomy from the analytic sample for serum LDL-cholesterol and triglycerides, and those reporting o 9 h of fasting from the fasting glucose analysis. Respondents with fasting serum triglycerides concentration of 4400 mg dl − 1 were also excluded from the LDL-cholesterol analytic sample. 
Analytic sample for nutritional biomarkers

Covariates
To determine whether the reported weekly frequency of AFH or fast-food meals was independently associated with concentrations of biomarkers of chronic disease, we accounted for the effect of other potential confounders of these associations. The covariates were decided a priori based on known associations of disease biomarkers and dietary behaviors. These included age (20-39, 40-59 and ⩾ 60 years), sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican-American and others), family income relative to the poverty threshold or poverty income ratio (⩽1.3, 41.3 to ⩽ 3.5 and 43.5), years of education ( o12, 12, some college and ⩾ college), serum cotinine, an indicator of nicotine exposure (continuous), alcohol-drinking status (never, former, current and unknown), physical activity (tertiles of MET minutes/week of total physical activity) and hours of fasting before phlebotomy (continuous).
Regression models for nutritional biomarkers also included history of supplement use, any self-reported disease condition and BMI in addition to covariates mentioned above. For serum vitamin D, season of MEC exam, and for serum vitamin E and all carotenoids, total cholesterol concentrations were additional covariates.
Statistical methods
Following the NCHS analytic guidelines, the data from NHANES 2007-2008 and 2009-2010 were combined for analysis of metabolic biomarker outcomes. We computed the covariate-adjusted mean frequency of AFH and fast-food meals to assess the independent association of each sociodemographic and lifestyle variable with weekly frequency of AFH and fast-food meals.
The independent association of the weekly frequency of AFH meals or fast-food meals with each biomarker outcome was examined using multiple linear and logistic regression methods. The frequencies of AFH and fast-food meal variables were operationalized both as categorical variables and as continuous trend variables. The biomarkers were modeled as continuous dependent variables in linear regression and as binary categories that indicate a risk threshold in logistic regression models. These regression models included the appropriate covariates identified above.
The distributions of serum total cholesterol, HDL-cholesterol and vitamin C were approximately normal; for these outcomes the results are presented as adjusted means with 95% confidence intervals. All other biomarkers were log-transformed for multiple linear regression analyses and estimates were then back-transformed to obtain adjusted geometric means and 95% confidence intervals. All analyses were performed using SAS (version 9.2) (Cary, NC, USA) and the SUDAAN software 33 for analysis of multistage-stratified complex survey data. NCHS-recommended sample weights were included in the analyses to address differential sample selection, sample nonresponse and post-stratification adjustments. 34, 35 MEC-examined sample weights were used for all examined outcomes except serum LDL-cholesterol, triglycerides and glucose. For LDLcholesterol, triglycerides and glucose outcomes, fasting subsample weights were used as recommended. [27] [28] [29] 34 Per NCHS analytic guidelines, for analysis of metabolic biomarker outcomes in combined surveys from 2007 to 2008 and 2009 to 2010, 1/2 MEC weight (WTMEC2YR or WTSAF2YR) was used for each cycle to produce nationally representative estimates. 34 Predicted margins were used to compute adjusted means and proportions from regression models. 35, 36 All P-values for tests of statistical significance of regression model co-efficients used Sattherwaite-adjusted F tests. 33 Two-sided P-values of o0.05 were used to indicate significant associations.
Tests for interactions
Tests of interaction were used to examine whether the associations of weekly frequency of AFH or fast-food meals with biomarkers differ by gender or age. An AFH (or fast food) by age or by gender term was included in separate regression models for each biomarker outcome. When a significant interaction was noted (P-value for interaction o 0.05), the analyses were stratified by gender or age and we include gender-or age-specific results in Tables.
Sensitivity analysis
Because of concerns about BMI potentially being on the causal pathway in AFH or fast-food associations with biomarkers, BMI was not included as a covariate in regression models for metabolic biomarkers. This approach is similar to that used in published reports of AFH eating and biomarker association. [22] [23] 25 As alternative analyses, we refitted the regression models with the addition of BMI as a covariate.
RESULTS
Overall, adult Americans reported a mean of 3.9 AFH and 1.8 fastfood meals/week (Table 1 ). Male gender, younger age, higher income and education were independently associated with higher mean AFH and fast-food frequency/week (Table 1) . Over 50% of adults reported eating ⩾ 3 AFH meals and 435% reported ⩾ 2 fast-food meals/week (Figure 1 ; Supplementary Tables 1 and 2 ).
Frequency of eating AFH meals and metabolic biomarkers
The mean BMI increased with increasing weekly frequency of AFH meals (P = 0.0004); the associations were stronger in ⩾ 50-year olds relative to o50-year olds ( Table 2 ). Total cholesterol, HDLcholesterol and LDL-cholesterol related inversely with frequency of AFH meals (P o0.05; Table 2 ). The inverse associations of AFH meals with total-and LDL-cholesterol were significant among women (P = 0.001), and the association with HDL-cholesterol was limited to ⩾ 50-year olds (P = 0.0001).
A higher proportion of respondents with more frequent AFH meals had a BMI of ⩾ 30 (P = 0.002; Supplementary Table 3 ). The proportion of all respondents with total cholesterol concentration of ⩾ 200 mg dl − 1 , and women with LDL-cholesterol concentration of ⩾ 130 mg dl − 1 decreased with increasing number of AFH meals (P ⩽ 0.01).
Frequency of eating fast-food meals and metabolic biomarkers
The mean BMI of more frequent fast-food meal reporters was higher and the mean serum HDL-cholesterol was lower (P o 0.0001); the associations were stronger in women than men ( Table 3) .
The proportion of Americans with BMI of ⩾ 30 was higher in more frequent reporters of fast-food meals and the association was stronger in women (P = 0.0004) relative to men (P = 0.01; Supplementary Table 4 ). In o 50-year olds, with increasing frequency of fast-food meals, serum HDL-cholesterol concentration of o40 mg dl − 1 was more likely (P = 0.0002) but glycohemoglobin concentration of ⩾ 5.7% was less likely (P = 0.03). The proportion of women with fasting glucose concentration of ⩾ 100 mg dl − 1 increased with increasing frequency of fast-food meals (P = 0.04).
Frequency of eating AFH meals and nutritional biomarkers
Weekly frequency of eating AFH meals was an independent, inverse correlate of the serum concentrations of vitamins D, E, vitamin B-12, folate (and RBC folate), α-carotene, trans-β-carotene, lutein-zeaxanthin and β-cryptoxanthin (P o 0.05; Table 4 ). The inverse associations of frequency of AFH meals with serum vitamin C and pyridoxal-5′-phosphate were significant in women (P = 0.001) and in ⩾ 50-year olds (P ⩽ 0.001). Serum vitamin A and lycopene concentrations were not related with frequency of AFH meals.
The number of respondents with concentrations of serum vitamin A, vitamin E, folate and RBC folate below the risk threshold were too small (11, 16, 1 and 15, respectively) for regression modeling. The likelihood of serum vitamin D concentration of o20 ng ml − 1 increased with increasing frequency of AFH meals (P = 0.0003; Supplementary Table 5 ). The proportion of ⩾ 50-year olds with serum pyridoxal-5′-phosphate concentration of o 20nmol l − 1 increased with more frequent AFH meals (P = 0.0006).
Sensitivity analysis
In alternative analyses, results for metabolic biomarkers were essentially unchanged with addition of BMI to regression models (data not shown).
DISCUSSION
The key findings of this study of objectively assessed metabolic and nutritional outcomes in relation to frequency of AFH and fastfood meals are as follows: (1) 450% of American adults reported ⩾ 3 or more AFH and 435% reported ⩾ 2 fast-food meals week; (2) higher BMI and inverse associations of most examined nutritional biomarkers with increasing frequency of AFH meals, with women and older Americans showing greater vulnerability; (3) inverse associations of serum total cholesterol, HDL-cholesterol and LDL-cholesterol with frequency of AFH meals but no associations with serum triglycerides, glucose and glycohemoglobin.
The estimated prevalence of 450% of Americans reporting three or more AFH meals/week is remarkably higher than the NHANES 1999-2000 estimate of 41% we reported previously. 7 However, the questions used to elicit the AFH meal information in 2007-2010 (current study) differed from that used in 1999-2000. Because no information on relative comparability of estimates from these different questions is available, it is not possible to comment on whether this is a real increase or an artifact of the questions used in the surveys.
Given that fruits and vegetables are the best known sources of vitamins C, E, folate and carotenoids, 37,38 the strong inverse associations of serum concentrations of these nutrients with AFH meals are not surprising. More frequent AFH meals in women and ⩾ 50-year olds in particular is of concern as these demographic groups showed significant inverse associations for some biomarkers not noted in men (vitamins C, B-6 and B-12) or o 50-year olds (vitamin C and B-6). To our knowledge, however, there are no published reports that have examined nutritional biomarkers in relation to AFH meal intake for corroborative evidence. The fastfood and nutritional biomarker association could not be examined in the current study because the NHANES 2005-2006 did not include questions on fast-food intake.
Except BMI and serum HDL-cholesterol concentration, this study found few significant adverse associations of metabolic biomarkers with weekly frequency of AFH or fast-food meals. Although comparisons with few published papers are limited by the type of evidence, a closer look at three published papers with comparable exposures presents a mixed picture. In 18-to 30-year-old participants, Pereira et al. 22 found no cross-sectional associations of frequency of fast-food intake with body weight or insulin resistance. However, baseline fast-food frequency of more than three times/week was related with higher BMI and insulin resistance at 15 years of follow-up. In another analysis of data from the same cohort mentioned above, higher fast-food (but not restaurant) meal frequency was related with higher BMI, triglycerides and insulin resistance and lower HDL-cholesterol concentrations at 13 years of follow-up. 23 Serum concentrations of total cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides were not related with weekly frequency of 'take-away' food 
Abbreviation: NHANES, National Health and Nutrition Examination Surveys. a Adjusted means were computed from regression models that included frequency/week of all away from home or fast-food meals as a continuous dependent variable and all covariates in the table as independent variables. Therefore, the adjusted means column shows the independent association of each covariate-adjusted for all other covariates. b Excluded those missing information on education (n = 11), smoking status (n = 4) and physical activity (n = 2). c P-value for the Sattherwaite-adjusted F test for frequency of away from home or fast-food meals as a continuous variable.
consumption in Australian adults aged 26-36 years; 25 however, women (not men) with frequency of ⩾ 2 'take-away' meals/week relative to ⩽ 1 time/week were reported to have higher fasting glucose and insulin. 25 The reasons for lack of the expected associations of AFH eating with metabolic biomarkers in the present study are not known; however, we can speculate about some possible explanations. First, although our analyses adjusted for several known Significant interaction of frequency of AFH meals with sex (P interaction o 0.05); thus, the results are stratified by sex.
Away from home meals and biomarkers confounders of the AFH eating and metabolic biomarker associations, residual confounding by these and other unknown confounders remains a possibility. Second, we may consider the possibility that people who eat out more often may try to make healthier selections at these places or try to eat healthfully at home-prepared meals. The available evidence is sparse but suggests the opposite, that is, at least in 2-to 18-year-old children who reported fast-food intake, remainder of the diet was also of poor quality. 39 Moreover, the findings of lower nutritional biomarker concentrations in relation to AFH meal frequency in the current study are also counter to this argument. Finally, although the associations of several nutritional biomarker with AFH frequency were in the expected inverse direction, the possibility that the frequency of AFH and fast-food meals was misreported must also be considered. Although recent studies have found little evidence of better nutritional quality of restaurant meals relative to fast-food meals, 2,3 Duffy et al. 23 in a prospective study found fast-food meal frequency (but not restaurant meal frequency) to be associated with higher BMI and lower HDL-cholesterol concentration. The frequency of all AFH meals in our study included both fast-food and non-fast-food meals. Therefore, we expected that associations of the two exposures examined in our study (all AFH meals or only fast-food meals) with metabolic biomarkers to be somewhat comparable. Both exposures were indeed found to relate to higher BMI and lower HDL-cholesterol in the present study. The relative importance of the association of AFH and fastfood exposures with lower HDL-cholesterol remains uncertain, given recent reports that have questioned the causal role of HDLcholesterol in increasing cardiovascular risk. 40 The cross-sectional nature of the present study precludes ascertainment of temporality. However, use of a large, representative, diverse sample of the US population and objective outcomes (biomarkers) in relation to frequency of AFH and fastfood meals are strengths of this study. The biomarkers' assessment in the NHANES was performed using standardized assay procedures with uniform quality-control protocols. We acknowledge that the exposures (frequency of AFH and fast-food meals) were self-reported and no information on validation of the questions used to collect this information is available.
At present, most self-selected American diets are not in accord with the US dietary guidelines. 41 Increasing frequency of AFH meals is likely to make these dietary goals still harder to attain. These facts argue for systemic changes to include smaller portion sizes 42 and expansion of options for whole grains, vegetables and fruits as part of AFH meals. However, the issue is complex because, despite expressed interest in healthy dining out, few American diners order the so-called 'healthy' offerings, 43 and consumer response to calorie labeling has been disappointing. 44, 45 In conclusion, reporters of frequent AFH and fast-food meals had higher BMI and lower HDL-cholesterol; however, profiles of other biomarkers did not show greater metabolic risk. However, lower circulating concentrations of nutrients with mostly plant foods as sources suggest that more frequent AFH meal Abbreviations: BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NHANES, National Health and Nutrition Examination Surveys. a Adjusted means were computed from multiple linear regression models with each biomarker as a continuous dependent variable. All biomarkers (except BMI, total-and HDL-cholesterol) were log-transformed for analysis; therefore, the back-transformed values for LDL-cholesterol, triglycerides, fasting glucose and glycohemoglobin are geometric means and their 95% confidence intervals. Independent variables included: frequency of fast-food meals (0, 1, 2-3 and ⩾ 4 times), age (20-39, 40-59 and ⩾ 60), sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican-American and other), poverty income ratio (⩽1.3, 41.3-3.5, ⩾ 3.5 and unknown), years of education (o12, 12, some college and ⩾ college), serum cotinine (continuous), hours of fasting before phlebotomy, (continuous), physical activity (none, tertiles of MET minutes/week), alcohol-drinking status (never drinker, former drinker, current drinker and unknown). N refers to observations used in the regression model for each biomarker. b P-value for the Sattherwaite-adjusted F test for frequency of fast-food meals as a continuous variable. c Significant interaction of fast-food meals with sex (P interaction o 0.05; thus, the results are stratified by sex d Significant interaction of frequency of fast-food meals with age (P interaction o0.05); thus, the results are stratified by age categories.
consumers, especially women and older Americans, need to choose these foods carefully while dining out or at home. 
